We investigated the effects of non-meat protein binders combined with glucono-δ-lactone (GdL) on the binding properties regarding restructured pork prepared by high-pressure treatment. Soy protein isolate (SPI), casein (CS), whey protein concentrate (WPC), and egg white (EW) were used as non-meat protein binders and compared with the control (no binder) and with the κ-carrageenan (KC) treatment. The compression and depression rates were 2.3 and 37 MPa/s, respectively, and pressurization was conducted at 200 MPa for 30 min at 4 o C. After pressurization, the physical properties (pH, water-holding capacity, color, tensile strength, and microscopic structure) of the sample were evaluated. The combination of pressurization with acidification enabled cold-set meat binding, and the binding strength of restructured pork was enhanced by the addition of non-meat proteins. Among binders, SPI demonstrated the best efficiency in binding meat pieces. Therefore, the present study demonstrated that the combination of acidification and pressurization processes with the utilization of non-meat protein binders has a potential benefit in meat restructuring.
Introduction
It is well known that proteins undergo aggregation and gelation depending on environmental conditions such as pH and temperature. Protein gel formation is important for the texturization of semi-solid food products, including tofu, cheese, and sausages. Among proteins, myofibrillar proteins (MPs) are likely to be more labile in response to environmental changes than plant proteins, owing to differences in structure and thermal stability. Texturization of meat products is most depends on the gel-forming ability of MPs. To form an MP gel, various techniques have been introduced. Microbial transglutaminase-catalyzed cross-linking is one of major examples of non-thermal meat gelation (Chin et al., 2009) . Protein oxidation also enables cross-linking of proteins, thereby forming an irreversible polymer; however, the oxidative process coincides precisely with functional and nutritional losses of proteins (Xiong, 2000) . Ngapo et al. (1996) reported that a cold-set MP gel could be obtained by glucono-δ-lactone (GdL)-induced slow acidification.
High-pressure treatment, an analogue of thermal treatment, induces protein unfolding, thereby promoting protein gelation. For pressurization of fresh meat, the physical and structural changes of proteins manifests partial unfolding and denaturation, and meat protein denaturation affects the functional properties and color of meat. Alternately, pressure-induced structural changes in proteins (aggregation and gelation), namely cold-set meat restructuring or reforming, provide a possibility to bind meat pieces without thermal treatment. In a preliminary study, cold-set meat restructuring could not be achieved by pressurization at 200 MPa for 30 min, and the addition of non-meat protein binders was of no use to bind meat pieces unless the sample was subjected to thermal treatment (Hong et al., 2006) . Effective cold-set meat binding was achieved under the same pressure conditions by using κ-carrageenan (KC). On pressurization, KC formed a continuous network-like structure inside the saltextracted MP network, and the simultaneous addition of GdL resulted in better integrity of the MP network structure, leading to high tensile strength in the restructured meat (Hong et al., 2008) . 
ARTICLE
In general, commercial food proteins are mainly produced by spray drying, and the proteins show poor functionalities because of partial or complete denaturation. In meat product formulations, however, the use of denatured non-meat protein ingredients is a better way to improve the textural and rheological properties of the products, because structural unfolding of globular proteins manifests as a filamentous structure on re-heating (Bryant and MaClements, 1998; Feng and Xiong, 2002) . Consequently, the filamentous structure of non-meat proteins can form a network with the MP network. These heterologous protein networks were formed only under thermal treatment, and not under pressurization at 200 MPa (Hong et al., 2006) . On the other hand, GdL is an effective protein-gelling ingredient, and some studies have reported that preheat-treated milk or soy proteins were more susceptible to acid gelation than their native forms (Bringe and Kinsella, 1990; Dybowska and Fujio, 1998) . Thus, it was expected that the use of GdL combined with protein-based binders might eliminate the drawback of insufficient cold-set meat binding observed in our previous study (Hong et al., 2006 (Hong et al., , 2008 . The present study explored the effects of non-meat proteins combined with GdL on the efficiency of meat restructuring after high-pressure treatment.
Materials and Methods

Materials
Pork loin (longissimus dorsi) was obtained from 6 carcasses at 48 h post-mortem (pH 5.72±0.04). Meat was frozen at -30 o C prior to sample preparation (within 3 weeks). Commercially produced non-meat proteins, including soy protein isolate (80.6% protein), milk casein (sodium salt, 90.8% protein), whey protein concentrate (81.3% protein), and egg white powder (82.2% protein), were donated by Sam-Hwa Asia Co. (Korea). κ-carrageenan (κC) was purchased from Sigma-Aldrich Co (USA). All chemicals used in the present study were analytical grade.
Sample treatment
Two pork loins for each batch were thawed at 4 o C for 48 h, and all visible fat and connective tissue was trimmed. Meat was cut into 1-cm cubes, and the cubes from 2 different loins were mixed together. The meat cubes (300 g per treatment) were hand-mixed with 0.5% NaCl and 0.3% sodium tripolyphosphate for 2 min, then 0.5% glucono-δ-lactone (GdL) and 1% binders were added and hand-mixed for 3 min (Table 1) . Soy protein isolate (SPI), casein (CS), whey protein concentrate (WPC), and egg white (EW) were used as non-meat protein binders and compared with κ-carrageenan as a non-protein binder. In the control (C), 1% binder was substituted with the same amount of meat cubes. The mixture was filled into fibrous casing (4.5 cm diameter) and vacuum-packed in a poly nylon pouch. The mixture was kept at 4 o C for 24 h to allow sufficient acidification and pressurized using a lab-scale hydrostatic pressure system (1-L working volume) as described previously (Hong et al., 2008) . Ethanol was used as the pressure-transmitting medium. The compression and depression rates were 2.3 and 37 MPa/s, respectively, and pressurization was performed at 200 MPa for 30 min at 4 o C. After pressurization, the physicochemical properties of the sample were estimated without further storage. All procedures were repeated 3 times on different days (n = 3).
pH
The pH of the sample was determined using a pHmeter (pH 900, Precisa Co., Switzerland). Approximately 5 g of sample was homogenized with 20 mL of distilled water at 10,000 rpm for 2 min by using an SMT process homogenizer (SMT Co. Ltd., Japan), and the pH was determined in duplicate.
Water binding properties
The moisture content of samples was determined in triplicate by the method described by the AOAC (1990). Expressible moisture was determined by applying centrifugal force. Approximately, 1 g of sample (M Meat ) was placed in a centrifuge tube along with gauze as moisture absorbent. After centrifuging at 1,000 g for 10 min using RC-3 centrifuge (Sorvall Co., Thermo Scientific, USA), absorbed moisture in the absorbent before (M 1 ) and after drying (M 2 ) was measured. The expressible moisture was expressed as a percentage of exudative loss over initial sample weight as follows. All measurements were carried 
